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The present invention relates g^epaUy^^^^ warning lights, and more 
spedficaily, to solid^tate (LED) >A/^niing^ by Inductive cirburts and 

micfoproci^or controlled. Distiitfuton pa^^ LEDs is 

controlled by iight-<xmfr6l^^^^ 

Background of the Invention 

Warning lights are useful arid d^slmbje €r> many of vehicles, 
rnachiheiy. and other otyects i[bui^^^ 

ahnQunoe the presence^ locatibh; idpehatibn^ or functipri of the 

vehicle or Iniachinb or object. i 

The nature of warning Jight$ reqi^^^ harsh 
physical envjrorimerits, dfteh iri rernpteior aiffi(9Jlt-abce$s arid witti 

llnriited availabiltty to electrical i 

Solid-state Light Ernitting Diodes :(L|Ds) are well-suited to use in warning 
lights due to characteristics li size and weight, nagged 

cpnstnjctbn compared to other light sopjrci^js lil^^ etc. 

However, existing LEQ Waiinlnglig^^^ number of problems, 

including the following: eirciift cbn|ptexiiy^^(^^^^ high production cost and 

poor reliat)iltfy)/iow elec^cal^^^ 

in uhwant^ higher operatliigtbnt^^ power 

consMcnptton), and limited lability to op^sir^^ e range ol eleibtrical supply 
vdtagies., 

In particular 

• LED constant voltage circuits nequnre the use pf series resistors, causing 
unwarifed loes of eJec^ical ^ 

• LED d?nstant cunrent circuits rpq^^ ttle use of additional circuitry to measure 
and control electrical power e>j^ 

• uriregutated circuits require hdat pix)dut:ing series resistors and are limited to 
operation over a nanrow rangejof elebtrjc^^^ therefore limiting 
theira^pljcatlpn. 

There is therefore a heed for an irrifiroved LED yyaming light. : 
Summary of the Invention 

Most light sources (inipludirjg LEps),irBquire a means to control the 
dire^n and intensity of the emfttW^ llghi;iLightH:x>n be used 

to reflect and refract lig^^^ 
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LEDs may be selected which qontam optical lenses integral with the body 
of the LED pacl<age lenses or 

reflectors totecus the whil^ 

LEDs mquire a controlled eiec^n^ 

LEDs can be operated most effici^rirtly by an inductive excitation circuit. 
An inductive excitation ciroilt 
mioroprocJ^fsor 

The pulsed direct-^^unrent nlafure;^^^^^^^^ 
operation from a wide range of etec^ical supply voltages (and therefore can be 
operated from a wide range of ei^cMcai splar ^nef, 

automotive eledrical systemretc.). 

A microprpcessor can perfprm niea^urements on varipus environmental 
factors affecting the Vi^rhirig light i(sucH as el^ctncal supply voltage, ambient 
temperature; etc.) and autonfiatjfdailly adjuist its operation according to need. 

A microprocessor can also jsehd^ anif receive information f rom a remote 
contrdt or through a cortofnuniqatioris chahn^^ so as to rnake the warning light 
part of a nbtWork. pgrt a netv^^ can receive (X)m^ 

to alter itsioperation^ or transrnif diata^frbm 

factors) or about its own status. C^nnrn^^ the new warning light 

and a remiote control or network may bO imp^ single or multi-wire 

interface or over a wirdless link St^^ infiialn^^^^ link. 

Other approaches in the art utilise light sources like incandescent or 
hak>genbulbsp xenon flash tubes,! or LEDsie / 
LEDs can be excited by several crt^ 
-constant yoltage regulated cirCMits with series resistors 
^o^istanit cunBht regulated! dre 
-unregulated circuits wi^ 

the invention addresses a hucnber of problems in the art, including the 
Mpyyring iiroblems noted ab ; 

• other LED excitation methods puffer frofti problems like; additional circuit 
complexity (fosulting in unwaini^^^^ 

reliability), lOwer electhcalrto-ltimjnous i^wer conversion efSciency (resulting 
in unwanted higher pperating tbnrip 
power consumption), and iir^ 
supply Voltages 

• LEb conistant vonage circuits rl^quire the use of series resistors causing 
unwanted loss of electrical power as heat 

• LED constant current circuits require the use of additional circuitry to measure 
and cohtrol elec^rkat powe^ 
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• unregulated drcuits re(^uife hejat^^^^^ series resistors and are limited to 

operation ov^r a narrow ran^ei of el^ctrjea) siipF^^^ therefore limiting 

their application. 

Lefises and reflectors can be ex^erisiye to mahuf^ size and 

shape chsiracteristic^ that limit th^ir^^^^^^ The light-(X)ntrQl-fiim used In: the 

invention Is^in, mgged ah^^^ worked to produce a wide 

variety of light control effecte. 

The hew wamjnglight may be used: jn many pf the traditional warning light 
applications but with the benefit of re<iuc^ Consumption, lower 

initial cost j'mpbved reliiabl^^ 

Addrtionaily, the new warning hght nlay firid new applications enabled by 
Its iniprovetf fundibnal chara^ 

Reduced power rBquiiBmehts a tinie and/ipr increased 

light output in applications such ai batf^^ 

Reduced initial cost and mlHntenanc^ requirements improve the econorhic 
feasibiity of use of the new warninjq tig and a(^ss-restricted 

enviirohm^nte. 

The ability to communicatej over a njstwork allows the new warning light to 
respond iri usefiirways to instnjct^hi fit^ or to autornaticaliy 

adjust its Own operation to changes in its ppera^^^ co-operatioa 
with other ;d0vices oh the netWork; Ex^mplpa: a controlled reductionjin output 
power during perkDds of scardty of t^^^ 

cells, grid i)rown-out), or an organized i^^^ Ih power outf)ut duHng times Of 
incireasedineed (impaired 

An array of the new ^A^rninpf lights may be asse^^ single 
housing for uise on the roof cif a s^iyiceivel^cie to replace the fuhcHohality of a 
"light bar". The netywrk- capability! of tb^ and 
maintenaiice by eliminati a^r heayy bundle of cables traditionally 

used to cdntrol a "llg^^ 

Petaited Description of the inyeh^ 

A circuit which addresses the pbjectis outlined above, is presented as a 
block diagram in Figure 1 / This figure p^^^ 

excited by [an inductive switdiHrnode bbpstc^^ a mrcroprocessor. 

This circuit may be otDerated f rpm Isupply vdltaiges where the sum of the LED 
jundion vc^Kage drops |s greeteftliah^ 



C% 02391681 2002-06-26 



All Gorhponents and circuitry ma|^ bd consbuctad on a single printed-wiring 
clrGuKboiii^dandlsfefer^ : 

should t>e a transistor v\dQi th^^^^^^ 
(hiuch less than on(9 ohm) 

-LI should be an inductor with ipvjr :re$idtar|pe and high Inductance! value jthighest 
Q factor pracflcial). ■ !■'•, 

-D1 to ON should be a series braiich of L^s of high o^^ lurninous flux and 
capeible of high cuirerit operafiori:i Th^ Auiiibo^^ bd chosen so as 

toha^ a puiiriulativefpiiA^rd juh^^^^ 
voitaga. 

•U3 microprocessor (or mlcracontioiier^ should be tow, p^ 

with suitabie output pin drive caF^blti^ jto rieiiabiy asfsertihd cofitiol ji^h of 

transistor Qlalteniisrtielyf^^ 

-U1 represjents an over-cun-ent protedioh diavj^ rhs^ ^ a suifiSbly rated 
p08itive^tie^peratui«T^^ . ; .■' ■ " 

•U2 ri^resente a low-power voltage regulajtor to prdvnkie!a stiitable current supply 
fof'thair^eroprepesabr.'' . • 

'•U4 represerits an Ahalog^tb^iglt^l oprwe used l6 detoct.'and me^suirei the 
electrical supply voltage. This {hformatlpn Is u the micrpproce^spr Ip 
adjust pulse duratiQri arid iM^ 

-the mlcrop^rbcessor rr^y use soll^re k3Ql(^^^ 
determine ^ ppUrnunn pulsar W 

-ttie mioropnoeesspr altomateiy $witdtes^ 

conduction oh-state at rate of ajiplo>amata(y^^ frequency can be 

chosen oyara btroad range to nric^ 

-the high pulse rate (approximately lOOKH^) of t^^^ results 
in a visual ieffebt of a|^ 
impressiori of pulsatiori of the LEIils e 

-during the transistor Q1 pn-state cufterit flQw increases through the inductor L1 
to ths conmran ncKje;^ de^ indU(Hpr Q1, No 

conductteri cKscurs 

Kluring tha transistor Ql pff^istat through the inductor LI and LEPs 

Di to DN Causing fight to bei^^ 
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-a repetition rate should be cHosot so as to ato^ in LI 

to completely railage end all curfeht flow tiirough the iliOs to cease before 
starting a new Qi on-^ : 

^ discrete rectification diode is not empioyed as this function is performed by the 
LEDJuhq^toil(s). | 

-ah putput ^lter capacitor is hot ertiployed as there is no requirement: for voltage 
ripple smoothing^ 

-the microprQcessor may excite the LEDs iit) bursts so as to produce obvious 
pulses of light. The bursts may bi^ of very j^hiprt dujrat^ as to g^athe 
appearance of a "strobe-alight" or Ih loh^r jjifnatibn burste s^ as to produce a 
blinkirig or flashing effect. 

-the microprocessor may receive a deta-communrcations network 

to start, stop or change fis dperal'pii (fdf e^ changing frbm strobing effect 
tofliashtngeffelcl.) c ; : v 

*the midroprpcessbr may autprnatical^ in response to charvging 

ehvirpfimental conditioris seri^ 
reducing po^r output In respo^ 

Figure d shows a circuit for operatto|fi w^ LED junction 

voltage drops may helesstharithie su|^ly^^ a voltage level: 

shifting device tb blae tt>e triansist^r. 

Figure 3 and Figure 4 shoW circuite where an LED mpdule (LM) may be 
separate from the obhfrbl module icx)nt#i^^ the Tnicmprbc^ssor arid^ 
circuitry (dlVI): 

Figure 8 shows the siri^leis|t embbdiiifient pf the invention, A rugged, 
lightWeight housirig of extruded alurTiinum^^a^^^^ with anbdized surfece and a 
dear, colourless polycarbon^^ (ILM). 
iSilicohid gaskets provide weather^esi^nt^ hbusing: and lens and 

cable entry: Seleirtively appI 

the LEDs to modify the viewing arigiey A [provide 
eledricai power and conne^^ 

FigureT shows an ILM asserftblyin^ ^^ 
be construbted with opnventipndl jbwHppst innted Wiring Circuit Assembly 
technique^ liiecyiii^er a base 

circuit board by means of rriulti-piH right^^^^ that prpvide both 

mechahical and electrical ctonnectjdh betw^^^^^ circuit boards, this 
construction tecHriique allows the kssen^l^ o^^^^ warning light 

modtiie v#iout the need fbr ra^ 
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Figure 9 shows a rBctangujar embo^j^^ of foiir ILMs in a 

common Yiou$ing. Housing or cylinctiiGal br any suitiabje 

shape. Liiiht emitted by th^ CMDs is^^^^ by the LCF 

to form ani omnidirectional bedPMii, f^eiiialil^bla e^^ battery 
located in jffie cen^r of ttie a^^My power for ttte ILMs. 

A Sdar Pinei rriounted onto or for^^ of the housing may provide 

electrical pc^^ A wireless radio- / 

frequencylor infrared iink rnay jwc^ cofnmunicatfons 
network. Such ^n assembly mayloper^ of#fa without any wired ; 

connections. i ■*y*i^.T ■ 

Figure 10 shows a liriear assenp|)Jy^0^ In comrnpn housing. ILMs 

may cont^n LEDsi of diiR^i^t pcibj^^ so*^lled 

iight ^bafs" used to signal ycrhtqi^ iddhii^^^ of colour 

codes (for example, i^d ah^ jr^dat^ An^blance^. Fire equiprndnt 
or^iueincU 

Figure 11 shows tliie (»nst^u{#(^^ consistihg of an stnay 
of onmidirieGtfonal sde-emfttihg tED^ • 

Figure 12 8howistheoonstiiucti0R 
of LEDs M^^^ the iiTsiyip cc^strucbd^ s^^ cbhtrbl the fiaid-of- 

yiew. ■ ' ' || ."" 

Addr^MQ W . prior art 

Glais^ leDses have ther unid^ii&ibfe^^^^ of being |>ul|kyt heavy, 

e)q?ensive|iEMidfra^ 

Plastic lenses are also bul^^^ 
characteristics. lnject)on-m6ulds f(br pia^^^ 

Re^eotprs tend to be tarigeiand Bulk^f and their gednrietiy fayours the use 
of single ppmt^ource^ li£jM t^ 

^ Purely resistive LED circuiti- pouQ«e$)ti^e^ - mpst eieqtrical energy 
wasted- asiheat • . 

Current regulated LED drciiiit requirfs Irenes current-^sense resistor and 
sensitive analog-tor<iigNii cc^ dotnili^^^^C^ QQunt) - 

expensive jarid complex to bu^ . . 

Volta^ regulated LED cih;f£iit h9^^ unwanted characteristic 

of resislh^ and o>nStaM^^^ 
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Vy^'le particular emtiodlmeb $howrl 
ah<| !d(88Cribe(J, it is dear M may be made to such 

enribodifnfnts v«^u^^^ fln9rrill|e of 0ie invention. 

€MBO0iMENTS OF THE ml^ 

• a miopprocdssorcontrdlled efdte drouitfor LEDs in warning Ujghts. 

• ah Inductive excitatloncircult fi^^^ 

• aintqrOprocessorcbntibireditHclyct^ee^^^ 

lightsJ--.' \\-'.''-'\ ''-y 

• the im^c^e excitation piircuitidentl^e^ 
drive iridMdualL^idiBr^^^ 

, series/piaiialiiel 

• ah inducth/e excitation circuit whi(^ use^^^ cepiBcKors, recttfic^pn diodes or 

' 'resistpiis.; 

• an indiiictive excitation drcuit whiph ^caHf t» operated^^ a wide range of 
electrical supp^ yolt^es. 

• a vi^rning light having a,it^ 
nrieansfor cpmmuniccite viif^^ 

• a warning tight constructed of LEtil^^^ 

excitatiph circuK, the micrbprbij^essor alsQ having rheans for comrhunlcating 
- ' ovei' a network.' ' 

• a rnicrdprocessorHxntrolled w^i^^^ on-bo^rd sensor aitay, 
. all6wihg the rnicrpprocessbr te^ 

• a rhicro0rpce8SQr-<x)ntrpned^^ lig^t havring an pri^board a tirne-of-day 
clod( find calendar allowin^^ the wa'rjnihf iight to^ in response, 
to dIUFiiial ^ndiseasonal^^i^^ 

• a lirijcrpprpGesstprrGpntrQlled w^m 6n-t)oard sensor array, 
. aliowing the mlirpprbceiBS^ri^it^ light in 

re^pdhise to enyironfTieniai 

» the on-bpard sensor array as defined above, inctudihg sensors frdm the group 
of: arotiient temperature, interi^l.l^cq^ialf^ 

rslatiVeihuinidi^» liquid rripistD|»,:irii^h^^l^^^ shodc,.- 
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marine wave height and peilo^^^ 
. voltage sensors.. • 

• Light-contrpl^film used instea<i of lenses ojr rej^ectors to direct an(l focus light, 
albwirig iQWHpost pl$nar piinted drc^^^^ expensive dnd 
cdmpldx curved or circu 

• 9 cylindiicaj warning light ra^^^ 

assenribl^ on rigid printed cirpujts,;^ basie circuit board by means 

(rfmuitl-pin rightrangle pin 

electricai connection between Ithe ciroult bpardis/^ilQwirig the assembly of an 
omnlHdiiB<itipnal warh^ing light 1^^^ costly jflekible or 

ber^liabl0^ciri:^ltboaiir^ 

• a cylindrical warning light con^sting pf a^^^ separate LED sub^ 
assemblies on rigid printed droits, l^ttabhed circuit bpaid at 
sutistantially rig 

• a multiridirectlonal warrilng ligNt cdn$te^^^^ a plurality of separate LED sub- 
assemblies oh rigfid printed dri^ii^ such that 
the separate LED sub^asseml^lies are^9^^^ jn different directiohs, 

• a multifdlrecilonal warning liig|hit c^nsistiipg of a plurality of L£Dsub- 
assembHes on rigid prihtdd di^ 

corinec^d to onef anpthpr sUc^ 
aipfied In diff^ht dii^ 

• a warning light having s^tectiy^^^ 

• a wamirig fight having a spte^^ 

• a warning light havirig a rechaj^^ 

• a warning light having a lihedriassdifnbiy.of lf modules, containing LEDs of 
different colours. : 

• a wamtng light having a micr6i>rpc9^r: to provKto i^arate control sighals to 
sepdf^ LED sut^^ssenrlbiies^ 

• a warning light having a pluralRy LED subrassemblles, each LED 
sub^asfeembly having side-emte 



Ol 02391681 2002-06-26 




< 



o 

LL 
O 

o 



i 



CO 

E 

o 
CO 



o 



t 

• c 

0) 
CO 

I 

Ql 

Q 
UJ 



I 



3: 

IL, 



i. . 



CA 02391681 2002-06-26 




CA 02391681 2002-06-26 



UJ. 

^ . 

ZD- 
Q 

o; 
q; 

LU. 



o 

GO 



o: 



5 










CO ■ 


i 

■■■ i. ■. 







o 

u. 
O 

h- 

X 
CD 



i 



o 

I 



o 
6 

GQ 
OQ 



1. 



11 



i 

I 
I 

15 
Ql 

b 

l-to 

o 
CO 



IS 



i 



c 

It- 



CO 

& 

.5> 



►wpigLafleuf Ifeod^^^ LLP 



GA 02391681 2002-06-26 




I 

z 

5 

u. 
O 

x 
o 



Si 



E 

x: 
o 
CO 



O 

O 
O 
CQ 



CM 

C' 
m 

CO 

^. 

(0 



is 

8(0 



i 



e 



CA 02391681 2002-06-26 



1^ 

in 

CVJ 



CO wC 



o 
o 



o 
in 



1^ 



J 
"1 



I 

Its. 




CV4 



CO 

.3. 



^- ■ 
O 

o 
s 

X 

CD 
Zj 

O 
z 

z 

I- 

IS 



5 



C 

3. 



03 



10 



CA 02391681 2002-06-26 



o 
o 



U 

ii 





s 

Lt. 



O 

in 





1^ 




CA 02391681 2002-06-26 




jCA 02391681 2002-06-26 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



- - Defective images within this document are accurate representations of the original 
documents submitted by the appliceint. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 




LINES OR MARKS ON ORIGINAL DOCUMENT 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



